Records from 350 line intercept transects from a foothill bunchgrass range were sampled systematically and at random with 25, 50, and 100 points per line. Statistical analyses were made fo compare point densities, point placement. and their interactions for 12 plant categories. Sod-forming species were sampled besi by random placement. bunchgrasses by systematic placement, and for plant groups with high basal cover either placement would suffice.
This paper reports a comparison of point procedures for analyzing basal cover of grassland. Records from 350 line intercept transects were obtained from a foot hill grassland.
This population was sampled both systematically and randomly with 25, 50, and 100 points per 5-ft line.
Theoretical Aspects

Artificial
Populations. - The true values of vegetation basal area or cover parameters are seldom known in range investigations. Although precision or repeatability of different procedures is compared in field studies, the validity or accuracy of vegetation sampling techniques usually cannot be established (Schultz et al., 1961) . Accuracy and precision of different techniques have been compared by sampling artificial populations for which the values of the parameters were known (Bauer, 1943; DeVries and DeBoer, 1959; Heady, 1961; McIntyre, 1953; and Schultz et al., 1961) . It is difficult, however, to construct artificial populations sufficiently complex to simulate real life variation in plant size, shape, and distribution.
These characteristics must be considered when investigating the relative efficiency of vegetation estimates (Aberdeen, 1958; Hoell, 1943) .
Determination of sampling accuracy and precision of any one method as related to another can be facilitated by comparison of data derived from actual field procedures with measurements 205 taken in close proximity (Heady et al., 1959) . The obvious difficulty of determining exact comparisons because of human bias and error inherent with field procedures limits the value of subsequent inferences (Ellison, 1942) . ~ If data derived by a standard field procedure could be sampled as a population by the method under investigation, the determination of relative efficiency of the methods would not be subject to the errors associated with artificial populations, or human bias and error.
The field data obtained for this paper consisted of 350 line intercept transects, each 5 ft in length. This sample of an upland range is here considered a population, with known parameters, from which various samples of point data were obtained.
Point Data From Intercepts.-
The derivation of point data from intercept readings is dependent upon the basic methodological concepts of the two methods.
Both can be considered plot methods, but with certain limitations.
A line interception transect is essentially a linear quadrat with no breadth while basal point contact analysis employs units of no area or, in another sense, plotless points (Brown, 1954) .
Theoretically a line intercept transect is composed of an infinite number of points. The inference of point data from intercept with this concept is impossible.
In practical application, however, the point method, in effect, actually measures small circular plots with finite area. The resulting bias is associated with the variation from true presence or absence data which is theoretically expected from the point method (Hyder et al., 1963; Kershaw, 1964; p. 15; Warren-Wilson, 1959) . The amount of area actually measured has been correlated to pin size by Greig-Smith (1964, p. 43 The largest pin generally overestimated cover more than the next smaller size. He expressed concern over the fact that most workers were using pins which usually resulted in cover overestimation.
Basal contact hits were analyzed by Ellison (1942) and Whitman and Siggeirsson (1952) on semi-arid shortgrass vegetation.
They did not indicate pin diameters, but their results were in general accord with those of Goodall (1952) in that basal cover was overestimated by point analysis.
The O.Ol-ft units of the present study, when converted to the metric system, are 3.05 mm in length but have no breadth as associated with pins. Since the length of these units is less than the 4.75 mm diameter of the pins used by Goodall (1952) Intercepts along transects 5 ft in length were noted at ground level with a pointed needle attached to a sliding mechanism on an immovable horizontal bar in which a steel tape, calibrated in hundredths of feet, had been imbedded.
The data from each transect thus consisted of 500 units. Unit distances along the line were noted with the aid of a cross hair device on the slide. Each unit of intercept was identified and recorded at the number of the intercept on a prepared form. Every unit of intercept, from the zero end of the tape to the last unit, number 500, was in a definite known position along the line, and each unit was 0.01 ft in length but had no measurable breadth.
Ground level intercepts of all individual plant species, litter, fecal material, rock, erosion pavement, and bare ground were recorded.
These data from the 350 transects, each with 500 units identified by kind of intercept and location on the line were considered the population. More detailed discussion of the experimental procedures is given by Fisser (1961) .
Results . -Physical characteristics of the experimental sites are summarized in Table 1 . The research unit was in a foothill area of rough terrain with elevations ranging from 5,260 ft to 6,120 ft. Approximately one-half of the area was classified as silty site. The light to rocky textured soils were mildly alkaline with weak structure. (Table 3) . A comparison of systematically spaced points only shows that 25 points per line gave slightly higher estimates of basal cover than did 50, 100, or 500 points per line. There was no relative difference among plants in the way in which their basal cover was estimated by varying the point densities (Fig. 2) . (Fig. 3) . Averaged over all plants and point densities, the coefficients of variation were significantly higher for random than for systematic spacing (Table 3) .
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cluster with the variability among the 70 clusters (Table 5 ). The analysis of variance and the F test indicate that betweencluster variation was significantly greater than within-cluster variation for all data. Although not significant, the F ratio was slightly greater at any point density for systematically as compared with randomly spaced points. The concomitant decrease of F values with sample point numbers indicates that variation within clusters became greater in relation to the between-cluster variation as the number of sampling units were decreased.
Discussion
Intensity of Point Sampling.-For most plant categories and for all point sampling intensities, the relative frequency was directly proportional to the logarithm of basal cover (Fig. 4) . But in plant categories containing many rhizomatous species, the relative frequency was less affected by the number of points per line. Needleleaf sedge was the major exception to the relative frequency-basal cover relationship. Basal cover of this species was estimated at 0.13, 0.13, and O.l6a/,, respectively, for 100, 50, and 25 points as compared to 0.15% for 500 points. The number of points per line had greater influence on the coefficient of variation for this species than any other (Fig. 3) .
Lack of significant influence of number of points per line on percent cover is expected.
The minor variations in estimates of percent cover by different point densities are not strongly related to plant growth forms (Fig. 2) .
The number of transects required to sample within 10% of the mean with 95% confidence varied inversely with percent basal cover (Table 4) . However, needleleaf sedge required relatively fewer lines and small clubmoss required relatively Table 4 . Numbers of transects and point samples required to sample within 10% of the mean with 95% confidence. (Tables  3  and 4 .) Cover estimates, however, were not significantly different for systematic and random sampling.
" There were important interactions of point density and systematic vs. random placement of points for percent frequency, coefficients of variation, and numbers of transects required for sampling (Table 6) .
Averaged over all plant categories, systematic placement of points gave higher estimates of percent frequency than did random placement of 25, 50 and 100 These were greater for systematic than for random sampling for needleleaf sedge but greater for random than for systematic placement for individual bunchgrasses, the All Bunchgrasses, and all three forb categories. There was more difference in coefficients of variation between random and systematic placement of points at the 25-point density than at higher densities.
Pracfical Implicafions
There are numerous implications from these studies for sampling foothill bunchgrass range. The "best" sampling plan depends upon the percent basal cover and the growth form of the species to be sampled.
To sample a sod-forming species, such as needleleaf sedge, random placement of points would be better than systematic placement.
However, for the dominants, the bunchgrasses, systematic placement would be better, especially if the distance between points is greater than the average basal diameter of the plants.
Still, for species or categories with high mean cover,
